Introduction
The Radiochemicd Engineering Development Center (REDC) at Oak Ridge National Laboratory (ORNL) processes highly irradiated targets for the separation and recovery of valuable radioisotopes, principally transuranium (TRU) nuclides. Presently a waste treatment system has been fabricated and installed to pretreat essentially all liquid low level waste (LLLW) generated at the REDC. The waste treatment system is a module that incorporates (1) a resorcinolformaldehyde (RF) resin ion exchange column, (2) a cross flow filtration unit, and (3) a waste solidification unit. The waste treatment strategy is to remove the precipitated solids from the neutralized waste streams by processing the waste streams through a cross flow filter with the filtrate going to the LLLW and the solids going to solid waste storage. Neutralized waste is first treated using cross flow filtration to remove the insoluble hydroxide of the transuranium and rare earth elements as a concentrated slurry with concentrations running up to 10-20% by weight. The filtrate can be subsequently treated using an RF resin column to remove Cs. The concentrated sluny and the neutralized Cs eluted fiom the RF resin column are then transferred to the in-cell solidification unit. Waste canisters resulting from this treatment system will be stored onsite while awaiting final disposal.
Three REDC waste tank pit tanks (F-111, F-115, F-126) are used in conjunction with the waste treatment module to carry out this waste treatment strategy. These are shown in Figure 1 . The 550-gallon capacity F-115 tank is used collect various waste from the many REDC processes for acidification and characterization sampling. From F-115 the acidic waste is transferred in batches into a caustic heel in the 125 gallon F-1 1 1 tank for neutralization and sampling. The neutralized waste is then pulled up from F-1 1 1 to the waste treatment module, T-780, ---in 13-1 5 liter batches. The neutralized solution is filtered through the cross filter with the filtrate routed to the third tank, F-126. F-126 is a 1200 gallon tank that collects all the REDC LLLW until it is transferred out of the building into the ORNL LLLW collection and treatment system. If the -. filtrate contains Cs, the module offers an option of treating the filtrate through an ion exchange column to remove the Cs; however, the majority of the cesium contaminated waste is generated during target dejacketing operations and will be transferred directly through the ion exchange column after filtration by conve@ional means. The concentrated slurry fiom the filtration system is periodically transferred from the T-780 feed tank to a solidification unit where the slurry is dried using a clam shell heater.
Waste Treatment Module
The approach taken to treat waste at the REDC was to build a treatment module using existing equipment and fi-amework designs that could be installed in the right (equipment) rack position 7 (right side of Cubicle 7) in Building 7920. The module contains a feed tank, pump, cross flow filter, air jet (vacuum), ion exchange column, solids-can, heater, automated valves, hand valves, and diversion valves. Figure 2 is an illustration of the module and equipment.
The heart of the wastetreatment module is a continuously operated filtration loop. The feed solution is pumped through the loop using a -2 g.p.m. flow rate and returned to the feed tank concentrating the feed solution as the filtrate is removed at a 0.2-0.3 Urnin rate. A 22 liter feed tank is repeatedly pumped down to -5 liters and refilled with neutralized waste. The pump used on the module is a Wilden M-2 model double diaphragm air driven pump. The flow rate is controlled by regulating the air pressure to the pump with an electronic air regulator. A Mott Metallurgical Corporation inertial cross flow filter containing three stainless steel porous filter elements is used to filter the waste solutions. The concentrated slurry is repeatedly transferred to a stainless steel 4 liter can that will be vented using a HEPA filter when it is removed from the rack and placed in storage. The canister is heated to evaporate the slurry to dryness using a clam shell heater designed to fit the canister and mount on the module. The can temperature is held at 100-1 05°C to slowly evaporate liquids using an electronic heater controller. A 7.2 liter capacity ion exchange column. using an RF resin, can be used to remove Cs from the filtrate from the cross flow system or it can be used to remove Cs from other neutralized waste streams. A 3.CL3.5 liter resin bed will be used in the column which is operated using gravity flow.
The module is operated using a computer system to automate routine operations to the extent allowed by available instruments. This automation will reduce the time that normal processing operations Mill be interrupted to operate the waste system. Automated tasks include transferring waste to the module, controlling the pump flow rate, and back flushing the filter on a set time schedule. The computer system is programmed to activate control valves and pressure regulators that allow a task to occur. The computer is also programmed to monitor the waste operation and warn operators of unusual events or operations that may require special attention.
Removal of Cesium by Ion Exchange
Removing Cs from the REDC waste will be done using an RF resin in a cation-exchange column. The RF resin was developed at the Westinghouse Savannah River Laboratory and is highly specific for the removal of Cs from an alkaline waste of high sodium content.' It is particularly advantageous for REDC because it permits treatment of the highly alkaline (2M NaOH) aluminum decladding wastes. ' This resin has received considerable study.'34 The resin is a condensation polymer of resorcinol and formaldehyde. and like other phenolic resins (such as Duolite CS-100) it can be expected to suffer loss of capaciq by oxidation of its phenolic (OH-) groups. The oxidation instability has been the largest objection to both ividespread use and largescale application of phenolic resins. Additional degradation by slow hydrolysis may also occur. In typical usage of Duolite CS-100 at the ORNL wastewater treatment plant. there was extreme capacity loss after 39 cycles. This is not necessarily an objection at the RECD, where waste to be treated is relatively small in volume. Limited operational life (-5 cycles) of RF resins could be accommodated since only a few liters (<lo) per annum would be consumed.
Removing Cs from an LLLW stream using the RF resin has been demonstrated at the REDC'. 
Stripping the Cs from the resin w-ith HCI converts the resin to an H' form. The resin was converted back to the Na' form between runs by washing the resin with 12 CV of 2 MNaOH using an upflow path "io fluidize the resin for maximum liquid to resin contact. The resin 'remained in the caustic wash for -1 8 h before loading to ensure that the resin was fully converted to the Na' form.
The RF resin demonstration indicated that the 1.5 L resin bed averaged loading -1300 Ci of Cs and -30 g of total Cs. An initial Cs breakthrough occurred as 85-92 CV of alkaline waste passed through the resin bed. The majority of the Cs was stripped from the resin bed with only 2 CV of 2 MHC1. Based on the in-cell demonstration, a 3-3.5 L resin bed of RF would process the Cs produced during the dissolution of 2-3 Mark 42 target segments. Figure 5 demonstrates the typical filtration pattern of a cross flow filter. The saw tooth effect is created by back flushing the filter. Back flushing is necessary to dislodge the surface membrane that forms on the filter tubes. Typically, a new filter will have high filtrate rates until a surface membrane is formed on the filter tubes. The filtrate rate will decline and eventually go to a steady state. Back flushing the filter clears the surface membrane and increases the filtrate rate. Therefore, a periodic back flush is used to increase the filtrate flow. Back flushing the filter is carried out with air over the filtrate on the filtrate side of the tube. The frequency of the back flush can range from one to 30 minute intervals. A 15 minute back flush interval was used for the filter test and module check out tests.
The cross flow filter was evaluated using a filter test loop. A 22 liter tank was used as the feed tank. The slurry was pumped though the loop using an air driven double diaphragm pump. The pump flow rate was controlled using an air regulator to adjust the 100 psig supply pressure. A restricting valve upstream of the cross flow filter was partially closed to generate a tube side filter pressure. The filter was back flushed using an air reservoir set at 70-80 psig to drive the filtrate back through the filter elements. solution. The metal hydroxide feed was developed by dissolving the nitrate form of the materials in water. The salts were then converted to hydroxides by precipitating the solution with 2 .\f NaOH solution to yield the metal hydroxide forms. The liquid was then decanted and the precipitate was added to 0. I .M in NaOH and 0.5 M in.SaN0, to give the 3% wt. metal hydroxide. This synthetic feed solution was used on all cross flow filter tests and module tests.
Typical flux behavior is shots-ndn Figure 6 . Normally. the characteristics of a cross flow filtration system will indicate that as the slurry concentration increases the permeate flux mill decrease due to the build up of solids in the main feed stream. The process parameters investigated were slurry flow rate and filter pressure. The slurry flow rate was set by the amount of pressure selected to operate the diaphragm pump. The operating pressure of the pump is called the slurry pressure which is the pressure developed in the system if the flow is valved out completely. The filtrate rate was recorded as the filtrate flux (L!min m' ) which is the filtrate rate relative to the surface area of the filter. Laboratory tests have indicated that the maximum filtrate flux is achieved using a differential pressure range of 15-20 psi between the slurry pressure and the filter pressure. Figure 7 shows the typical effects that slurry flow rate and filter pressure have on the filtrate flux. Based on these results, the cross flow filter used on the module will be operated using a slurry pressure of -60 psig with a filter pressure of 4 0 4 5 psi. The normal process schemes at REDC in\.oli-s organic extractioxs: therefore. it is reasonable to expect that organic reagents will be entrained into the aqueous u-aste streams. The effects of organic contaminati'3n on the 3 &I.% synthetic slurry xere invenigated using the Cleanex solvent extraction reagent di (2-ethylhexyl) phosphoric acid (HDEHP) diluted with a normal paraffin hydrocarbon (NPH).
A slurry pressure of 49 psig with a filter pressure of 40 psig was used in the tests. The filtrate side of the filter assembly was connected to the vented feed t a d at atmospheric pressure for total recirculation. The filter was back flushed at 15 minute intervals. The slurry flow rates were set at 2.7 f 0.3 g.p.m. Filtrate measurements \vere taken at fixed increments after each back flush. Total volume,of filtrate removed was determined by direct volumetric measurement and by intermittingl$measurin_g the decrease in feed volume.
Several tests,were used to examine the effect of organic contamination. First baseline filtrate flux measurdmlents were performed using water. Next filtrate fluu baseline measurements were Table 1 . Slurry concentrating runs were then performed by removing the filtrate and allowing the solids concentration to increase. The 3 wt. % metal hydroxide solution \\-as concentrated without organic contamination. Then the 3 wt. % metal hydroxide feed solution was contaminated with
The filtrate flux for each run is plotted in Figure 9 . and the siurry concentration profiles are shown in Figure 10 . %e average filtrate flux for both slurries was found to increase slightly betLveen sets of runs. This was attributed to the cleaning process. as the filter pore size may have been slightly increased after each HNO, cleaning cycle. Similar flux patterns were obsen,ed for both slumes from rufi'to run.
I
Results from these experiments indicated that the organic solutions will inhibit the filter flux.
These results \\-ere expected. Organic solutions commonly emulsify and clog filtration systems. The filter flu. measured in the solids concentration runs ran about 1.5-2.0 L/min m2 less than the runs not contaminated with Cleanex solution.
Waste Solidification Waste solidification is accomplished by diverting the concentrated slurry from the filtration loop to a canister. k conductance probe is used to indicate when the slurry level in the can reaches 80% of the can volume so the transfer can be stopped before overfilling the can. The canister is a 4-liter stainless steel canister designed similar to Mark 42 target canisters (existing equipment) that permit the' ti3e of existing equipment to position and remove the can from Cubicle 7. The canister (solids-can) is position in a clam shell heater used to evaporate the slurry to dryness.
The clam shell heater is operated from 110 to 140°C to deliver a solids-can temperature ranging from 95 to 105 "C. A programmable controller is used to slowly ramp up to the desired temperature range. Slurry evaporation rates averaged 3 liters per 24 hours. The solids-can will be heated 24 hours per day to allow the solids to bake during any delayed transfer intervals.
Once the solids can is filled to an approximate 2 liter volume with dried solids, the solids mill be baked for -5 days before solids-can is removed from the heater. When the solids-can is removed from the module it is capped and vented using a certified HEPA filter to prevent material releases.
Sodium Nitrate Washing
To avoid the build up of sodium nitrate in the solids-can, the slurry will be washed before transferring solids to the solids-can. Three water washes of the synthetic feed reduced the feed nitrate content from 25000 ug/mL to 780 ug/mL resulting in the removal of 97% of the NaNO,.
The sodium nitrate washing profiles are shown in Figure 1 1.
This procedure was developed in the laboratory using the previously described synthetic metal C urn ulative water wash volume. L Figure 11 . Sodium nitrate removal using three water washes.
Waste Treatment Control System
The routine operation of the waste treatment equipment has been automated by the use of an industrial computer system. All the electrical components of the waste treatment system, with the exception of the waste solidification evaporation system, are connected to the electronic inputs and outputs of the indusmal computer. The electrical components of the waste treatment system are electronic differential pressure transmitters, an electronic pressure transmitter, pressure switches, electronic conductance probes, electric solenoid valves, an electronic controlled pressure regulator, and a custom photo-metal instrument control panel comprising electronic indicators, lights, anhswitches. The evaporation system of the waste solidification unit is monitored and controlled by both a temperature controller and a high-temperature alarm indicatodswitch.
The industrial computer that is used to monitor and operate the waste treatment system is a SIXNET industrial controller called an IOMUX (pronounced I-0-Muu). The IOMUX is a smart real-time multitasking distributsd controller that integrates data acquisition and task control into a single synergistic solution. The firmware embedded into the IOMUX is programmed using SIXNET C Industrial Language (SCIL). SCIL is an ANSI "C" programming language with added libraries that allows "C" to perform real-time multitasking and control the instnunentation connected to the IOMUX. Multitasking means time slicing to execute several tasks (subprograms) simultaneously instead of executing the subprograms sequentially one at a time.
Real-time means you control the multitasking to ensure time-critical operations are carried out when you need them. The SCIL program that executes in the waste treatment IOMUX consists of 12 separately scheduled independent subprograms. The SCIL subprograms consist of tasks that calculates the volume and densities of the system tanks. calculates the filtrate rate of the fiitration, controls transfers of solution between tanks. controls the filtration loop components.
performs the sequenceand timing of the back-flush system. and indicates and alarms all system conditions.
-
The transfer system used to fill the T-780 module feed tank is an air jet system controlled by an SCIL subprogram. The jet is a venturi system where 100-psi air is routed through the jet to create a vacuum of 23-25 in. Hg in T-780. The vacuum lifts the neutralized waste solution from the F-111 tank and fills T-780. When the liquid level in T-780 reaches -1 8 L. the jet is automatically shut down. During normal operation. the liquid level of T-780 is determined by measuring the differential pressure between two probes in the tank. One probe, which is submerged in tk solution, extends to within a quarter of an inch of the bottom of the tank. The other probe, which is the reference leg, only extends -3 inches into the tank and is never covered by solution. The pressure between the two probes. which is measured using an electronic differential pr&stue transmitter (level transmitter), is directly proportional to the liquid level in the tank. In order to prevent solution from being pulled up into the level probes and into the level transmitter during vacuum transfers, the level probes have valves located on the rack that isolate the vacuum from the level transmitter. Since the level transmitter is isolated or off-line during transfers, a conductance probe was installed in the T-780 tank to detect when the liquid reaches the 18 L level. When the liquid contacts the conductance probe, a circuit is completed and alerts the SCIL task to shut down the air supply to the air jet stopping the transfer. Back flushing the filter is an automated operation that is programmed to occur at 15-minute intervals whenever the filtration pump loop is operating above 5 psi. Back flushing is accomplished using air over the filtrate to push the filtrate back through the pores of the filter to remove the surface membrane on the filter. An air volume under high pressure is captured between two solenoid valves while another solenoid valve, down stream of the filtrate, is closed. The trapped air is then released into the filtrate line and forces the filtrate back through the filter. A panel switch can also manually start the back-flush sequence whenever the filtration pump loop is operating above 5 psi.
Before solution is transferred to the T-780 module feed tank, transfer criteria must be met. The F-1 1 1 neutralization tank must be sampled and determined to be a neutral or slightly caustic solution after each transfer from F-115 to F-111. This operation will prevent the possible transfer of acidic solution to T-780.
The temperature of the evaporation system and the solids-can is monitored using thermocouples. The heater is controlled using an electronic controlling system that allows the heater to be slowly ramped to the desired temperature.
Module Status and Future Work
The waste treatment module has been fabricated and installed in Cubicle 7 in Building 7920. Equipment check outs are scheduled from October through November 1997. The module is being operated using a personal computer with visual basic programs to communicate w i t h the SIXNET system. The final control system will be a panel board on the master control room panels. The installation of the control panel and the programming will continue through the equipment check outs and testing. The waste system is scheduled to begin hot testing operations in the spring of 1998.
Based on testing. the cross flow filter will be operated to deliver a minimum filtrate rate of 200 mL/min. The slurry pump \vi11 be operated using 60-65 psi air pressure to pump the slurry through the filtratioaloop. The back pressure applied to the fiIter will range from 40-45 psi. , Assuming that a waste tank is only filled to 80% capacity, F-1 15 would be processed through the module in -140 hours. The concentrated slurry will be washed in the T-780 feed tank Nith three 13-1 4 L water washes to reduce the sodium content by -97% before transferring the slurry to the solids-can. Tests reveal that entrained organic will pass through the filter. To help prevent organic solution being transferred to the waste treatment module, a SO-liter heel will be kept in the neutralization tank F-1 1 1 and a 100-liter heel Mill be kept in the F-I15 tank.
The ion exchange column will contain 3-4 L volume of an RF resin capable of removing -3000 Ci of Cs or pmcessing -3 Mark 42 target segments. The resin will be stripped with 10-15 liters of 2iM HCl.
.i
Future workpn the waste treatment system will include developing processing alternatives, programmiigthe computer control system, developing decontamination methods for the removal of the solids-can, and developing methods to remove the solids-can from the building. Alternative processing methods may allow waste to be transferred directly to the waste module bypassing the F-1 I5 tank. Programming the operations will continue as the module is checked out for operations. Decontamination of the solids-can will involve developing an electropolishing system that will allow the can to be removed from the cubicle free of surface contamination. The removal of the solids-can will be via a slug chute that is normally used to drop materials into the cubicle. The slug chute must be kept free from contamination in order for operators to use the chute to quickly pass items into the cubicle. The methods for removing the solids-can have not been finalized. An independent canier that will mate to the existing slug chute may have to be fabricated. The carrier will then be used to transport the canister to another transportation cask or carrier. These tasks will be focused on during 1998. The waste treatment module is scheduled to begin testing with waste from newly dissolved irradiated targets during the summer of 1998. 
